INTRODUCTION
Gas chromatography has been widely applied in the separation and analysis of multicomponent systems. If the components are radioactive, the effluent from a chromatographic column may be mixed with a counting gas and the radioactivity measured as the mixture flows through an internal proportional counter (1) . This immediate radio-assay is called radio-gas-chromatography. The radiogas-chromatographic analysis of tritium-labeled hydrocarbons is of particular interest to us. We are studying the reactions of recoil tritium atoms.
There were several ~priori considerations for the design of a general radio-gas-chromatographic analysis system for the products of recoil tritium reactions: 1) the expected (tritium labeled) produc~s differed widely in boiling points and physico-chemical properties. The expected products ranged from HT and CH 3 T to the tritiated parent hydrocarbon (we intended to eventually study the recoil tritium reactions of cyclohexene and methlycyclohexene) and included nearly every straight chain alkane-t and alkene-t species in between (for a review of recoil tritium reactions see References 2 and 3). In addition, we wanted to separate the methylcyclohexene-t isomers. (This would determine whether or not direct T-for-H substitution was accompanied by a shift of the double bond (2-4).) A normal "boiling point" column would not separate 3-methylcyclohexene-t from 4-methylcyclohexene-t. The three methylcyclohexene isomers had been individually resolved on a saturated silver nitrate/ethylene glycol column (5) . The methylcyclohexene-t isomers and the smaller tritiated alkenes from recoil tritium reaction would be individually resolved on a saturated silver nitrate/ethylene glycol column. However, all alkane-t species would -2-LBL-1249 emerge as one peak from such a column (6) . This suggested an aliquoting procedure. The tritiated alkenes and the methylcyclohexene-t isomers could be ass~ed using one aliquot. The tritiated alkanes could be ass~ed using another aliquot. Upon further consideration, we decided that no aliquoting procedure would be possible. Aliquoting might lead to unequal fractionation of low vapor pressure parent compounds. Consequently, we decided to inject the entire sample at once. The typical gaseous sample was contained in a glass capsule, 6 em long with an internal diameter of 1.5 em. (The dimensions of the capsule are fixed at such large values to minimize the loss of recoil tritons to the capsule wall following the 3 He(n,p)T reaction (7) .) The glass capsule would be mechanically crushed directly in the stream of the chromatograph.
This led to: 2) a large sample in,jection volume. The sample is initially distributed throughout the 20 cm 3 volume of the mechanical crusher.
This sample volume is swept onto the gas chromatographic column in about 100 sec, assuming typical radio-gas-chromatographic flow rates and pressure drops (8) . In contrast, the typical residence time in the 85 ml internal proportional counter is only 60 sec (8) . The residence time in the counter is smaller than the sample injection interval. Although the proportional counter has a large volume compared to conventional GC detectors, the volume of the counter is not a limiting factor. The large sample injection volume is the most important factor affecting peak resolution.
However, the use of the counter does add one limitation, namely,
3) the flow rate through the counter must remain constant (8) . The limitation of a constant flow rate through the counter is, in practice, a limitation to a constant flow rate for the helium carrier gas. The helium flow rate is
usually changed in programmed temperature gas chromatography (9) and in programmed pressure gas chromatography (10) and in sequential applications of the two techniques (11) . Consequently, these powerfUl techniques for gas chromatographic separations over a wide range of boiling points have not been used in radio-gas-chromatography. However, a stepwise change in column temperature accompanied by a stepwise change in column inlet pressure could by used in radio-gas-chromatography. The simultaneous change of two factors which affect the helium flow rate could be pre-calibrated so that the resultant helium f1ow rate is unchanged. The simultaneous stepwise change of both temperature and pressure could cause large perturbations in the helium flow rate. The time interval between the radioactivity peaks would have to be large enough so that the helium flow rate was stabilized before the next peak was counted.
Another standard gas chromatographic technique which has not been used in radio-gas-chromatography is post-injector splitting of the helium flow stream (12) . With flow splitting, the effluent from each column must be individually monitored. This is often prohibitive in radio-gas-chromatography because it means duplication of relatively expensive counting equipment.
4) All counting of radioactivity must be done with only one counting system.
The four design criteria discussed above are not unique to the radiogas-chromatographic analysis of recoil tritium reaction products. The same criteria are individually met elsewhere in the application of gas chromatography.
Consequently, there remained three avenues of attack: a) Trapping and reinjecting. The disadvantages of trapping are the tedious procedure involved in the addition of non-radioactive carrier and the nagging worry about trapping efficiency (13) . gives unuseable peak shapes for the high-boiling components, and vice-versa.
The obvious solution was to arrange the column in the series in the order:
injector, high-boiling component column, low-boiling component column, detector.
The trick was to pass the low-boiling components through both columns while passing the high-boiling components through the high-boiling column only. Three methods of solution have been developed: i) Rabinovitvh and co-workers start with the columqs in series but at the appropriate time during analysis change to have the columns in parallel (18) . This requires multiple detectors.
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ii) Rowland and co-workers start with the columns in series but reverse the order of the columns at the appropriate time during the analysis (19) •
• Some or all of the low-boiling components pass through the high-boiling com-'.-ponent column twice. This "recycling", using match coltimns, has been used to achieve difficult isotopic separations (20) . With the unmatched column required in a general radio-gas-chromatographic analysis system, the recycled peaks and the high-boiling component peaks may overlap.
iii) Borfitz had discovered that the helium flow through a column may be stopped and peaks in that column may be "stored" for analysis at a later time (21) . The intuitive prediction is that the shape of the peaks would deteriorate rapidly once the flow through the column was stopped. In practice, use- This is known as taking a center cut. We are reporting a general radio-gaschromatographic system which operates under the design criteria discussed earlier: 1) The components of the hydrocarbon mixture differ widely in boiling point and physico-chemical properties.
2) The sample injection volume is large; namely the whole sample.
3) The flow rate through the detector is con- •' f~~;
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Counting. The 85 ml counter has been described (8) . The high voltage on the centerwire of the counter was maintained by a 5 kV power supply. A pre-amplifier of our own design (schematics are available on request) was coupled to the counter. The pulses from the pre-amplifier went through a standard ampli-... by a specially designed irradiation container which will be described elsewhere (33) . The sample capsule was placed in the sample injector and the injector was heated to 130 °C before injection.
ILLUSTRATION OF SYSTEM USE AND CAPABILITY
A typical analysis ·of the products of recoil tritium reactions with methylcyclohexene is shown in Figure 2 . The sequence of operations used to obtain this radio-chromatogram is given in Table I . This sequence of operations, with the exception of the center cut of butadienes (265 to 300 min), represents a general radio-gas-chromatographic analysis scheme and has been successfully employed in the analysis of the products of recoil tritium reations with ethylene, propylene, butane, 1-butene, isobutene, cis-and trans-2-butene, butadiene, cyclohexane, and cyclohexene as well as the more difficult case of 3-and 4-methyl cyclohexene shown in Figure 2 . The timing of these operations is obviously specific for this choice of four columns. Table I •
~"'; A careful analysis of Figure 1 will reveal a nested series of recycle loops.
The recycle capability is used here to allow separation of the butadiene-t the analysis is automatic. Therefore, we propose a new gas-chromatographic system that has broad application.
Time
Min. , .
• 
r------------------LEGALNOTICE--------------------~

